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As part of an krmy-wide expansion and modernization program, the safety of M155
Detonators at various points within automated inspection equipment was studied
using an MRC Corporation prototype. Test results will be used to establish
safety criteria for new manufacturing LAP facilities. The program to determine
the safety of the equipment was drafted by ARRADCOM and was subsequently divided
into six separate phases: input/output transfer tests, intra-tray propagation
tests, indexing dial spacing tests, rejected detonator container tests, indexing
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dial nest Integrity tests, and shipping tray integrity tests.

Results of these tests Indicated that:

1. A naxinu. of four detonators can ignite simultaneously without rup-
*" turing the outer field.

2. A minim- shield height of 50.8 i= is required for complete non-
propagation between detonators within a single tray.

3. The existing machine spacing of 50.0 m between detonators on the
inspection dial is sufficient.

4., The prototype container is safe for storage of 200 to 300 detonators

5. There was no detonator reaction upon transfer to the dial nests at
transfer rates of 13.7 m/sec.

6. A safe transfer is possible when using the HRC metering valve; the
setting on the valve should not exceed the 2.0 setting.
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INTRODUCTION

At the present time, an Army-wide modernization program is underway to up-
grade existing installations and to develop new explosive manufacturing and LAP
(Load, Assembl, Pack) facilities. This effort will enable the US Army to achieve
increased prodact ion cost-effectiveness with inproved safety, As a part of this
overall program, the Manufacturing Technology Division, Large Caliber Weapon Sys-
tems Laboratory, ARRADCOM, Dover, New Jersey, is engaged in the development of
safety criteria as an activity entitled "Safety Engineering in Support of Ammuni-
tion Plants." These criteria will be used as part of the basis for the design of
explosive production installations due for modernization, including Government-
owned, contractor-operated ammunition plants. The activities covered in this re-
port provide safety data to specifically support modernization activities of the
MRC Corporation in the development of the prototype Automated In'--ction Equipment
(AIE) for the M55 Stab Detonator.

The AlE for the M55 Stab Detonator requires a 100 percent inspection of fin-
ishxI stab detonators. It is configured into four identical inspection modules.
The inspection equipment has a through-put requirement of 200 ppm, :ith each
moJule operating at 50 ppm. The modules use an inde<ing dial with a nominal cycle
time of one second (750 millisecond dwell). A pneumatic p,:t.: t•,nsfer method is
employed for the in-feed. Since this is a new des-gn techn*,'uc, s'neLiments of
this study were conducted to determine the safety of the pneumatic transfer system.

r The objective of this study was to establish the effectiveness of the planned
jIC automatic detonator inspection machins and suppertive conveying systems to
provide suppression of accidental detonator initiations.

EXPERlME-r"AL MEtHODS

MATERIAL

M55 Stz.t -etonators wer, :.Av- ftjm the Lone Star Army Ammunition Plant,
Lot Nusuer Lb-3(7-125, manufact ",.-d -1'--80. The detonators were received pack-
aged 50 detonators per cardboad - r.a.: 20 trays per carton, and five cartons per
wooden bux.

MRC provided the dial indexing integrity test fixture and tube-to-dial inter-
face adapter. A Deltron Fluid Products metering valve, model EFC 20, was later
supplied by MRC for the indexing dial integrity test and the shipping tray integ-
rity test.



TEST PLANd

The test program was divided into six phases: phase 1, input/output trans-
fer tube tests; phase 2, intra-tray propagation; phase 3, indexing dial spacing;
phase 4, reject detonator container; phase 5, indexing dial nest integrity tests;
and phase 6, shipping tray integrity tests. Each phase is described in detail.

Phase i: Input/Output Transfer Tests

The objective of these tests was to determine the effectiveness of the lexanO
cover shield 38.1 mm 00 by 32.0 =m ID by 609.6 mm long (1.5 in.x 1.26 inx 24 in)
to contain an accidental detonator initiation within the transfer tube. A series
of 50 tests were to be conducted where a single detonator was to be pneumatikally
propelled through an inner transfer tube [6.35 mm OD by 4.138 mm ID (0.25 in. by
0.17 in) Poly-Flo #44P plastic tubing with 2758 kPa (400 psi) burst pressure]
ajigoed with a second stationary detonator (acceptor) in a parallel transfer tube
(figure I). A total of 10 exploratory and 50 confirmatory tests were to be con-
ducted, The observed results were to determine if the outer shield remained intact.
A second series of tests were to be conducted employing multiple detonators in the
transfer tube at the same time to determine the maximum quantity of detonators that
could be initiated without rupturing the outer Lexan® shield. Once this upper unit
of detonator initiations was determined, 10 confirmatory tests were to be conducted
for statistical validity.

Phase 2: Intra-tray Propagation Tests

The objective of this test series was to determine potential detonations with-
in locations of the loading and transfer trays of various designs and materials.
Data were also to be provided as to the height of the Lexane shield that is located
above the transfer trays. A single aluminum pallet filled with 50 stab detonators
was to have a detonator initiated from the bottom by a starter pin. A LexanE shield
12.7 am thick by 152.4 mm wide by 609.6 mm long (0.5 in by 6 in.by 24 in) was to be
positioned at an initial height of 19.05 mm (0.75 in) above the pallet (figure 2).
If intra-propagation occurred, the height or the Lexan® shield was to be raised to
a maximum height of 63.5 mm (2.5 in). I intra-propagation occurred at this height,
the acceptor pallets, one on each side of the donor, would be tested for minizuM
safe separation distance between pellets. A total of 50 confirmatory tests were to
be conducted in the intra-propagation configuration and 25 confirmatory tests in the
inter-tray propagation configuration.

Phase 3: Indexing Dial Spacing

The objective of this test series was to determine if the proposed detonator
separation of the inspection machine indexing dial was sufficient to prevent propa-
gation of an explosive incident. The inspection machine rotates the detonators
through the various inspection points on a circular indexing dial that receives and
meets the detonators at the innut station, and finally ejects the detonators at the
output station. Within the machine, the dutonators are equally spaced around the
circumference of the indexing dial. MRC supplied a test fixture (figure 3) to
simulate the equal spacing of the dial test fixture. An acceptor detonator was to
be oriented in the same manner as the donor at a distance of 49.78 mm (1.96 in).
A firing pin was to be used to initiate the donor. Acceptance criteria was to be
the non-propagation of the acceptor. A total of 50 tests (10 exploratory and 40
confirmatory) were to be conducted in this configuration.
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Phase 4: Rejected Detonator Container

During the normal operation of the inspecticn machine, any detonator that is
rejected is transferred to a separate container within the inspection machine.
Whenever the quantity of rejected detonators exceeds a predetermined number, a
signal is sent requiring that the reject container be emptied. The objective of
these tests was to determine the structural integrity of the proposed detonator
reject container and the maximum quantity of detonators in the event of initia-
tion. The initial test series was to be conducted on the test fixture (figure 4),
Varying numbers of detonators (150 to 500) were to be placed inside the reject •on-
tainer in a styrofoam cup and initiated with a J2 blasting cap. Static pressure
and temperature measurements were to be obtained.

Phase 5: Indexing Dial Nest Integrity Testr

The inspection machine indexing dial nest receives the detonators from the
transfer tube via pneumatic transfer. Maximum pressure in the event of regulator
failure is 689 kPa (100 psi) and the normal transfer pressure is 345 kPa (50 psi).
The transfer pressure is forced through a metering valve so that the transient
time averages 325 milliseconds for a 1.22-meter (4-foot) distance. The test setup
is shown in figure 5. A minimum of 50 teats (10 exploratory and 40 confirmatory)

* were to be conducted in this configuration.

Phase 6: Shipping Tray Integrity Tests

The objective of these tests was to determine the potential for detonator
* ,function upon insertion into a cardboard pallet. Upon completion of the inspec-

tion procedure, the machine ejects the detonators from the indexing dial nest and
,* transfers then pnewmatically, with an average transient time of approximately 300

milliseconds at an cperational pressure of 345 kPa (50 psi). Again, these tests
were to be conducted at a maximum allowable pressure of 689 kPa (100 psi). Accep-
tance test criteria was to be non-functioni-g when the detonators were inserted
pneumatically into the shipping trays. This test configuration is shown in fig-
ure 6. A minimum of 50 tests (10 exploratory and 40 confirmatory) were to be
conducted at maximum pressure.

INSTRL7.ENTAT ION

Pressure me-surertent- fcr the reject detonator container were to be obtained
zusing two strain gauge pressure transducers. A DINISCO Model PT 119G-50 !0-34A7

kPa (0-50 psi)] and .- Electronics Model] 151-15C-194 [0-1724 kPa (0-250 psi)]
were attached to the -- ject container through a common port The transducers were
to be pneumatically caliLrated prior to the beginning of each test series to
correspond to the maximum output of the transducer. A Chromel/Alumel thermocouple
was to be installed in the fixture to measure the reaction temperature. Instrumenta-
tion setup is shown in figure 7.

3
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RESULTS

DATA ANALYSIS

Initally, exploratory tests were conducted in which a reversal type of re-
action was obtained. That is, when the initial test setup of the seri-s did not
cause an acceptor item to function, then the item was subjected to a more severe
donor reaction (i.e., closer distance) until the azceptor item was caused to func-
tion by the donor reaction. When this occurred, a distance at which there was no
acceptor reaction was empirically determined. Once this distance was verified,
a series of confirmatory tests vere performed to provide statistical validity.

The probability of the occurrence of a propagation is dependent upon the
degree of certainty or confidence level involved and has lower and upper limits.
The lower limit for all confidence levels is zero, and the upper limit is a func-
tion of the number of observations of the acceptor items tested without a reaction.
Each observation is independent of each of the other obseriation3, having a con-
stant probability of occurrence, The number of reactions (X) in a given number of
observations (n) will have a binomial distribution. The estimated probability (P)
of a reaction occurring is xrprescntcd by the expresbion

The expected value of X is given by:

E(X =W (21

Each confidence level will have a specific upper limit (p 2 ) depending upon
the number of observations involved. The upper probability limit for a given con-
fidence level (-) where a reaction is not observed is expressed as:

(0 - p2 , (3)

where E (0 - -)/2 and < 1.0 (4)

Fifty confirmatory tests shnuld result in a 7.11 percent probability at a 95
percent confidence level.

TEST RESULTS

Test results are shown in tables I through 7; figures 8 through 13 are se-
lected photographs of test results. Exploratory tests are noted by an (E) prefix
and the confirmatory tests are denoted by a (C) prefix. If thc 10 exploratory
tests did not react, they were counted as part of the total confirmatory tests.

4
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DISCU:,SION

Phase 1: Input/Output Transfer Tubt Tests

Test results of a single detonator with a single acceptor are given in
table 1. A total of 10 exploratory ano 40 copfirmatorv tests were conducted.
The outer shield did not rupture, but a slight bulge was noticeable after every
tnree or four initiations. The donor detonator was pn.eunatically transported
through a 609.6-am- (24-in) plastic tube 5triking a firIng pin; an acceptor
detonator was parallel. The donor inner plasti2 tube would rupture at the point
of initiation. The acceptor detonator would function and the acceptor inner tube
would also rupture. in 12 of the 50 tests, the acceptor dletonator did not func-
ti,-i. This was caused b; olw,-back pressure when the donor detoivaior was Leing
tra.sported. The oater shla!d was effective in preventing fragmentation when a
single donor detonator aud a single acceptor detenatoi were simultaneously ignited.

Table 2 shows result. of the multiple detonator transport tests. lvnen three
donors md three acceptors were initiated, a smail hole 6.35 m= (0.25 in.) in dia-
meter was made in the outer shield. Figures 8, 9, and 10 show visiole rsults of
these tests. The diameter of the hole increased with each successive tast when
additioral acceptor and donor deton tees were added. The exploratory tests using
five don-r and fivý acceptor detontors resulted in a 25.4 mm (I in.) hole in the
Lexant tube. Since the outer slielJ tubing was not defeated using two donor and
two acceptor detonations, the confirmatory tests were conducted in this configura-
tion. Tnere was no ru,-ture of th- outer shield but there was noticcable bulging.

Phase 2: Intra-Tray Propagation Test

Table 3 depicts the results of these tests. The initial exploratory and con-
firtatory tests were cunducted at a height of 19.05 m (n.75 int. However, at

test -umber C23 there was complete detonation of all 50 stab detonators. The
LexanS sl.ield was shattered and the test fixture was damaged. The damage is shown
in figures 11, 12, and 13. Based upon the test results, the height of the shield
was raised to 38.1 mm (1.5 in,. Propagation of two detonators occurred on test
nomber 11. Neither acceptor detonator was adjacent to the donor. The height of
the shield was raised to 50.8 =-- (2 in) and 50 confirmatory tests were conducted
without incident. Because intra-propagation did not occur at this height r50.8 mm
(2 in, , the multa-tray tests were not copoucted.

SPhase 3: :ndexing Dial Spacing

A total of 10 e-nloratory and 40 confirmatory tests were coaducted. There
was no propagation between donor and acceptor. However, the test fixture supplied
by MRC had to be refurbished after six to ten tests due to the .amage by the donor
reaction. On tests E4, Cl, C2, and C6 the acceptor had evidence of flash burns
from the donor reactioa. The test results are shown in table 4.

Phase 4: Pejectcd Deto;.ator Container

Test results are given in table 5. The initial test series consisted of three
tests, each with 20C stab detonato:s in the reject container. The average pressure
was 2523 kPa (366 psi) ar.d the a';arage temperature was 150%C. Therc was no failure
of the pressure vessel. A test consisting of 300 stab detonators resulted in a

5



measured pressure value of 2889 kPa (419 psi) and a temperature measurement of

173*C. The 500 stab detonator test caused no failure of the pressure vessel,
but there was violent eruption around the flange. The pressure measurement was
3378 kPa (490 psi) and the temperature was 196*C. A single test was conducted
at the 400 detonator level and the vessel reaction was less violent. The maximum
pressure was 2841 kPa (412 psi) and the maximum temperature was 177cC.

A note of caution should be taken in that the reject detonator container used
for these tests was a completely closed vessel, whereas the actual vessel in the
MRC inspection stations has an entry port where the rejected detonators must enter.
rhe actual reject container, then, would vent the expanding gases.

Phase 5: Indexing Dial Nest Integrity Test

A total of seven exploratory tests were conducted varying the metering value
c-etting from 5 to 1.5. This represents a transfer rate between 13.7 m/sec to 6
rm/sec (85 ft/sec to 20 ft/sec) respectively. There were no reactions at any set-
ting using 689 kPa (100 psi). A value setting of 1.5 with a transfer rate of 6
rm/sec (20 ft/sec) was similar to the transfer rate used by NRC: therefore, the 50
confirmatory tests were conducted at this setting. Test results are given in
table 6.

Phase 6: Shipping Tray Lntegzity Test

A total of 36 exploratory and 50 confirmatory tests were conducted and the
results are given in table 7. Initially, the stab detonators reacted when trans-
ported at both 690 kPa and 345 kPa ;100 psi and 50 psi). Testing was conducted
on this test series until a metering valve was supplied by NRC. The tests were
then repeated utilizing different setti-gs. The final setting on the metering
value was 2.0 as the stab detonators had reacted at settings from 5 to 3. Another
difficulty noticed was that the donor would not always seat into the pallet cor-
rectly, Once a proper valve setting was established, 50 confirmatory tests were
conducted without incident. However, the metering valve setting is critical.

6



CONCLUSIONS

The results of the input/output transfer tube tests determined that an outer
shield constructed of Lexans tubing 38.1 mm (1.5 in) 01, by 32.0 mu (1.26 in) ID
is effective when two donors and two acceptors in adjacent inner plastic tubes
ignite simultaneously, Therefore, a maximum number of four detonators can ignite
simultaneously without rupturing the outer shield.

Intra-tray propagation can occur when a single detonator is initiated. The
mi-nicum shield height to prevent intra-tray propagation is established as 50.8 mm
(2 in) above the tray surface.

The MRC spacing of 50 um between detonators on the inspection dial is suffi-
cient to preclude propagation in the event of in accidental initiation.

The results of the rejected dezonator container tests indicate that a maxi-
mum of 300 detonators is the upper limit to preclude serious damage to inspection

machinery.

The results of the indexing dial test indicate that there is no detonator
reaction upon transfer to the dial nest at tranrfer rates up to 13.7 m/sec. How-
ever, the =etering valve setting is critical.

The results of the shipping tray integrity tests indicate that a safe trans-
fer is possible when using the MRC metering valve, and the setting on the valve
should not eaceed the number 2.0 setting.

RECOMMENDATIONS

Based upon the test results, it is recommended that the findings of this re-
port should be considered in the design, acceptance, and operation of the NRC
Automated Inspection Equinment for M55 Stab Detonators.

7
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Table 1. Input/output transfer tube results

Donor Acceptor Shield

Test Temperature Humidity Pressure reaction reaction rupture
number C F a (psi) Yes No Ye Ro Ye Ro Remarks

El 21.1 (70) 50 276 x x _

E2 21.7 (71) 49 276 X X--
E3 22.2 (72) 49 276 (40) X x x
E4 22.2 (72) 48 276 (40) X X X
ES 22.2 (72) 48 276 (40) X X __X

E6 20.0 (68) 53 276 (40) X X X
E7 20.6 (69) 52 276 (40) X X X
E8 22.8 (73) 50 345 (50) X X X
E9 23.9 (75) 49 345 (50) X x X
EIO 25.0 (77) 42 345 (50) x x x
Cl 25.6 (78) 42 345 (50) X X X
C2 25.6 (78) 42 345 (50) K X X

C3 22.2 (72) 46 345 (50) x x x
C4 22.2 (72) 46 345 (50) X x x
C5 22.2 (72) 46 345 (50) X X X

C6 22.2 (72) 46 345 X X X
C7 22.2 (72) 46 345 (50) X X X
C8 22.2 (72) 46 345 f50) X X X

C9 13.9 (57) 50 345 (50) X X X
CIO 13.9 (57) 50 345 (50) X X X
CII 13.9 (57) 50 345 (50) X X X -
C12 fE.9 (57) 50 345 (50) x x x
C13 13.9 (57) 50 345 (50) x x x
C14 19.4 (67) 45 345 (50) X X X
C15 19.4 (67) 45 345 (50) X X X
C16 19.4 (67) 45 345 (50) X X X
C17 19.4 (67) 45 345 (50) X K -

C18 19.4 (67) 45 345 (50) X X X
C19 19.4 (67) 45 345 (50) X X X
c 2Y0 19T.4Z (67) 45 345 (50) X XX

C1 f2 72-.2 42 35 0 T X -

C22 22.2 (72) 42 345 (50) X X X
C23 22.2 (72) 42 345 (50) X X X
C24 22.2 (72) 42 345 (50) X X X
C25 22.2 (72) 42 345 (50) X X X
C26 22.2 (72) 54 345 (50) X X X
C27 22.2 (72) 54 345 (50) X X X
C28 22.2 (72) 54 345- (50 X x X
C29 22.2 (72) 54 345 (50) X X X
C30 22.2 72 54 345 (50) X X X
C31 18.3 (65) 46 345 (50) X X X
C32 18.3 (65) 46 345 (50) X X X
C33 18.3 (65) 46 345 (50) X X X
C34 18.3 (65) 46 345 (50) Y X X
C35 18.3 (65) 46 345 (50) X X X
C36 18.3 (65) 46 345 (50) I X X
C37 18.3 (65) 46 345 (50) X X x
C38 18.3 (65) 46 345 (50) X X X

39 18.3 65 46 345- _50) X X
C40 18.3 (65) 46 345 (50) X X X



Table 2. Multiple detonator in input/output transfer tube test results

Trot din:' i 7 ratere ib.sdity Presre i u
(pil1l - r Yes Io I Yeslls i
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SI r uter
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Table 3. Intra-tray propagation test results

Donor Donor Intra-

Test Temperature Humidity index 11e.ght reaction propagation
number °C (°F) z number 'm (in) Yes RNo Yes No emarks

El 26.1 (79) 49 24 19.05 (0.75) X X
E2 26.7 (80) 49 24 19.05 (0.75) X X
E3 26.7 (80) 49 23 19.05 (0.75) X X
E4 26.7 (80) 48 22 19.05 (0.75 X X
E5 20.0 (68) 34 22 19.05 X0.5 X xE6 20.0 (68) 34 23 19.05 (0.75) X X

E7 20.0 (68) 34 28 19.05 (0.75) X X
E6 20.0 (68) 34 23 19.05 . X X
E9 20.0 (68) 34 28 19.05 (0.75) X X I

E10 20.0 (68) 34 23 19.05 (0.75) X X
CI 20.0 (68) 34 23 19.05 (0.75) X X

C2 21.1 (70) 34 18 19.05 (0.75) X ._X
C3 21.1 (70) 47" 19 19.05 -0.75)- X X
C4 22.2 (72) 35 23 19.05 (0.75 X XX
C5 22.2 (72) 35 24 19.05 (0.75)] X X
C6 22.2 (72) 35 27 19.05 (0.75)- X X
C7 22.2 (72) 35 29 19.05 (0.75) KX __X

C8 22.2 (72) 35 30 19.05 (0.75) i K I
C9 22.2 (72) 35 32 19.05 (0.75) X XCIO 22.2 (72) 35 33 19.05 (0.75) X X
C_ _ 22.2 (72) 35 34 19.05 (0.75) X X

22 (72) 35 3 19.05 (0.75) X - X
C13 22.2 (72) 35 13 19.05 0.7) X - XC14 22.2 (72) 35 14 19.05 '0.75) - X
C14 22.2 (72) 35 29 19.05 (0775) X X
C16 22.2 (72) 35 29 19.05 (0.75) X X

C17 22.2 (72) 35 27 19.05 (0.75) X X
C18 22.2 (72) 35 24 F9.05 (0.75) X X
Ci9 22.2 (72) 35 23 19.05 (0.75) X X
C20 22.2 (72) 35 22 19.05 (0.75Y X - X
C21 22.2 (72) 35 32 19.65 (0.75 X X
C22 2 72 35 33 19.05 (0-.5T X X
C23 20.6 (69) 70 29 19.05 (0.75) X X Complete tray detona-

ted: Lexano shield
_________destroyed

Dl 22.2 (72) 68 23 38.1 (1.5) 1 X X
D2 22.2 (72) 68 28 38.1 01.5) X I X
D3 1 22.2 (72) 68 1 23 38.1 5 X , X-•
D4 22.2 (72) 85 19 38.1 (1.5) X X
D5 22.2 (72) 85 22 38.1 1.5) X
D6 22.2 (72) 85 28 38.1 (1.5) X X
D7 22.2 (72) 85 19 38.1 (1.5) , X X
D8 22.2 (72) 85 17 38.1 (1.5) X X
D9 22.2 (72) 85 12 38.1 (1.5) X K,_
01O 22.2 (72) 85 13 38.1 (1.5) XK X
Dl1 25.6 (78) 74 14 38.1 (1.5) X X #16 and 35 acceptor

I _detonators reacted

Al 26.7 (80) 80 29 50.8 (2.0) X K X

A2 26.7 (80) 80 24 50.8 (2.0)1 X X
A3 27.8 (82) 80 19 50.8 1(2.0) K X X
A4 27.8 (8') 79 29 50.8 (2.0) 1 X X

I'



Table 3. Intra-tray propagation test results (cont)

Donor Donor Intra-
Test Temperature Humidity index Height reaction propagation

number 'C (°F) % number MM (in) Yes No Yes No Remarks

AS 27.8 (82) 79 22 50.8 (2.0) X X
A6 27.8 (82) 79 24 50.8 (2.0) X X
A7 27.8 (82) 79 22 50.8 (2.0) X X
A8 27.8 (82) 79 17 50. (2.0) X -

A9 31.1 (88) 65 28 50.8 (2.0 - -

AIO 31.1 (8T) 65 T r . (0) X
All 31.1 8 65 _29 5. (2T0) X
A12 31.1 (88) 65 17 50.8 (2.0) X X
A13 31.1 (88) 65 19 50.8 (2.0) x x
AI4 31.1 (88) 65 13 50.8 (2.0) X X
A15 31.1 (88) 60 14 50.8 (2.0) X X
A16 31.1 (88) 60 12 50.8 (2.0) X X
A17 31.1 (88) 60 17 50.8 (2.0) X X
A18 31.1 (88) 60 33 50.8 (2.0) X X
A19 29.4 (85) 60 32 50.8 (2.0) X X
A20 29.4 (85) 60 34 50.8 (2.0) X X
A21 27.8 (82) 56 37 50.8 (2.0) X X
A22 26.7 (80) 55 39 50.8 (2.0) X X
A23 26.7 (80) 55 32 50.8 (2.0) X X
A24 26.7 (80) 55 33 50.8 2.0 X X
A25 26.7 (80) 55 32 50.8 (2.0) X X
A26 23.9 (75) 65 34 50.8 (2.0) X X
A27 23.9 (75) 65 33 50.8 (2.0) X X
A28 23.9 (75) 65 32 50.8 2.0 X X
A29 23.9 (75) 65 29 50.8 (2.0) X X
A30 23.9 (75) 65 27 50.8 (2.0) X X
A31 23.9 (75) 65 24 50.8_ (2.0) X X
A32 23.9 (75) 65 38 50.8 (2.0) X X
A33 23.9 (75) 65 34 50.8 (2.0) X X
A34 23.9 (75) 65 38 50.8 (2.0) X X.,
A35 26.7 (80) 55 18 50.8 (2.0) X X
A36 26.7 (80) 55 23 50.8 (2.0) X X
A37 26.7 (80) 55 28 50.8 (2.0) X - X
A38 26.7 (80) 55 23 50.8 (2.0) X X
A39 26.7 (80) 55 32 50.8 (2.0) X X
A40 26.7 (80) 55 28 50.0 (2.0) X X ... ...
A41 26.7 (80) 55 27 50.8 (2.0) X X
A42 26.7 (80) 55 18 50.8 (2.0) X X
A43 26.7 (80) 55 17 50.8 (2.0) X X
A44 26.7 (80) 55 19 50.8 (2.0) X X .......
A45 26.7 (80) 55 28 50.8 (2.0) X I . ...
A46 26.7 (80) 55 17 50.8 (2.0) X 7 X
A47 26.7 (80) 55 28 50.8 (2.0) X _ _X

A48 26.7 (80) 55 24 50.8 (2.0) X X
A49 26.7 (80) 55 34 50.8 (2.0) X X
A50 26.7 (80) 55 38 50.8 (2.0) IC 55 X
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Table 4. Phase 3, indexing dial spacing test results

Donor Acceptor
Test Temperature Humidity reaction reaction

number C (Fi %Ye Yes Yes No Remarks

El 25.0 (77) 42 X X Acceptor round shifted in position
E2 25.0 (77) 43 X X Acceptor round blown from fixture
E3 25.6 (78) X X
E4 25.6 C7-8 44 X X Acceptor has flash mark from donor
E5 25.6 (78) 44 X X
E6 20.6 (69) 53 X X
E7 21.1 (70) 51 X X
E8 21.7 (71) 52 X X
E9 20.0 T68) 70 X X Refurbish fixture new firini.pin
EIO 20.0 (68) 70 X X
Cl 20.0 (68) 70 X X Acceptor has flash burns from donor
C2 20.0 (68) 70 X X Acceptor has flash burns
C3 20.0 (68) 70 X X .....
C4 20.0 (68) 70 X X
C5 20.0 (68) 70 X X Refurbish test fixture
C6 20.0 (68) 70 X X Acceptor has flash burns
C7 20.0 (68) 70 X X
C8 20.0 (68) 70 X X
C9 20.0 (68) 70 X X
ClO 20.0 (68) 70 X X
Cll 20.0 (68) 70 X X
C12 23.9 (75) 70 X X Refurbish test fixture
C13 23.9 (75) 44 X X
C14 23.9 (75) 44 X X
C15 23.9 (75) 44 X X
C16 23.9 (75) 44 X X
C17 23.9 (75) 44 X X
C18 23.9 (75) __44_ X X Refurbish test fixture
C19 15.0 (59) 54 X X
C20 15.0 (59) 5W X X
C21 15.0 (59) 5 X
C22 15.0 (59) 54 X X
C23 15.0 (59) 54 X X
C24 15.0 (59) 54 X X
C25 15.0 (59) 54 X X
C2b 15.0 (59) 54 X X
C27 16.7 (62) 54 X X
C28 16.7 (62) 54 X I X .... "
C29 16.7 (62). - 54 X X
C30 16.7 (62) 54 X X Refurbish test fixture
C31 16.7 (62) 54 X X ....
C32 16.7 (62) 54 X X
C33 16.7 7 _62) 54 X X
C34 16.7 (62) 54 X X
C35 16.7 (62) 54 1 X X
C36 16.7 (62) 54 X X
C37 16.7 (62) 54 XX
C38 16.7 (62) 54 X X

C3T (62) 54 X IX
C40 16.7 (62) 54 X X _.... ..

13
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Table 5. Phase 4, test results for rejected detonator container

Number
Test of Pressure Temperature

number detonators kPa (psi) (F) Remarks

1 200 2668 (387) 156 (312.8) Reaction self contained

2 200 2441 (354) 149 (300.2) Leak at flange

"3 200 2468 (358) 144 (291.2) Pressure vessel held

4 300 2889 (419) 173 (343.4) Pressure vessel held

5 400 3130 (454) 177 (350.6) Slight pressure vent through. flange

6 500 3413 (495) 196 (384.8) Violent venting around flange area

14



Table 6. Indexing dial and nesting test results

Transfer Metering Donor Detonator
Test Temp erature Humidity pressure Valve reaction ali ned

numoer -C (OF) kPa (psi) Setting Yes No Yes No Remarks

El 22.2 (72) 56 689 (100) 2.0 X X Txfr rate is 25 ft/sec
.. E2 22.2 (72) 56 689 (100) 2.5 X X Txfr rate is 27 ft/sec

E3 22.2 (72) 55 689 (100) 3.0 X X Txfr rate is 30 ft/sec
E4 22.2 (72) 55 689 Ci00) 6 --3. X X Txfr rate is 35 ft/sec
E5 22.2 (72) 55 689 (100) 4.0 X X Txfr ratd is 38 ft/sec
E6 22.2 (72) 55 689 (100) 4.5 X X Txfr rate is 40 ft/sec
E7 22.2 (72) 55 689 (100) 5.0 X X Txfr rate is 45 ft/sec
CI 22.8 (73) 55 689 (100) 1.5 X X Txfr rate is 20 ft/sec
C2 22.8 (73) 55 689 (100) 1.5 X X Less scaring of plas-

tic tube
_..... __ 22.8 (73) 55 689 (100) 1.5 - X

C4 22.8 (73) 55 689 (100) 1.5 X X
C5 22.8 (73) 55 689 (100) 1.5 g X
C6 23.3 (74) 52 689 (100) 1.5 X X
C7 23.3 (74) 52 689 (100) 1.5 X X
C8 23.3 (74) 52 689 (100) 1.5 X X
C9 23.3 (74) 52 689 (100) 1.5 X X
CIO 23.3 (74) 52 689 (100) 1.5 X X
Cli 23.3 (74). 52 689 (100) 1.5 X X
C12 23.3 (74) 52 689 (100) 1.5 X X
C13 23.3 (74) 52 689 (100) 1.5 x x
"C14 23.3 (74) 52 689 (100) 1.5 X X
C15 23.3 (74) 52 689 (100) 1.5 X X
C16 23.3 (74) 51 689 (100) 1.5 X X
C17 23.3 (74) 51 689 (100) 1.5 X X
C18 23.3 (74) 50 689 (100) 1.5 X X
C19 23.3 (74) 50 689 (100) 1.5 X X
C20 23.3 (74) 50 689 (100) 1.5 X X
C21 23.3 (74) 50 689 (100) 1.5 X X I
C22 23.9 (75) 50 689 (100) 1.5 X X
"C23 23.9 (75) 50 689 (100) 1.5 X X
C24 23.9 (75) 50 689 (100) 1.5 X X
"C25 23.9 (75) 50 689 (100) 1.5 X X
C26 1 23.9 (75) 50 689 (100) 1.5 X ,X

C27 23.9 (75) 50. - 689 (100) 1.5 X X
C28 23.9 (75) 50 689 (100) 1.5 X X
C29 24.4 (76) 49 689 (100) 1.5 X X
C30 24.4 (76) 49 689 (100) 1.5 - X
C31 24.4 (76) 50 689 (100) 1.5 X X
C32 24.4 (76) 50 689 (100) 1.5 X X
C331 _ 24.4 (76) 50 689 (100) 1.5 X X
C34 24.4 (76) 50 689 (100) 1.5 X X
C35 24.4 (76) 50 689 (1001 1.5 X X
C36 24.4 (76) 50 689 (100) 1.5 X X
C37 24.4 (76) 53 689 £100) 1.5 X X

"C38 24.4 (76) 53 689 (100) 1.5 X X
C39 24.4 (76) 53 689 (100) i'5 X X
C40 24.4 (76) 53 689 (100) 1.5 X X
C41 24.4 (76) 53 689 (100) 1.5 X X
C42 24.4 (76) 53 689 (100) 1.5 - -

C43 24.4 (76) 53 689 (100) 1.5 X L
C44 24.4 (76) 53 689 (I00) 1.5 X -

C45 24.4 (76) 53 689 (100) 1-5 X -

C46 24.4 (76) .53 689 (0L0) 1.5 X X
C47 24.4 (76) 53 689 (100) 1,5 . 1 -

C48 24.4 (76) 53 689 (1005 1.5 x -

C49 24.4 (76) 53 689 (100) 1.5 X
C50 24.4 (76) 53 689 (100) 1.5 X X
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Table 7. Shipping tray integrity test results

Transfer Metering Donor Detonator
Test Temperature Humidity pressure valve reaction aligned

number C ('F) Z kPa (psi) setting Yes No Yes No Remarks
El 23.9 (75) 50 689 (100) N/A X X Detonation
E2 23.9 (75) 50 689 (100) N/A X X Detonation

E3 23.9 (75) 50 345 ( 50) N/A X X
E4 23.9 (75) 50 345 ( 50) N/A X X Detonator was side-

ways in pallet
E5 23.9 (75) 50 345 (50) N/A X X
E6 26.1 (79) 62 345 (50) N/A X X
E7 26.1 (79) 62 345 ( 50) N/A X X Detonator sideways

I _in pallet
E8 26.1 (79) 62 689 (100) N/A X X Detonator not

_ -8_- -N-5 6T -N [A-seated correctly
E9 26.7 (80) 63 8 100) N/A X x
EIO 26.7 (80) 63 689 (100) N/A X X Missed hole in pallet
Ell 16.1 (61) 50 689 (100) N/A X X
E12 16.1 (61) 50 621 (90) N/A X x
E13 16.1 (61) 50 552 ( 80) N/A X X
E14 16.1 (61) 50 483 ( 70) N/A X X
E15 16.1 (61) 50 414 ( 60) N/A X X
E16 16.1 (61) 50 345 ( 50) 5.0 X X Installed metering

valve
El7 16.1 (61) 50 345 ( 50) 4.0 X X
E18 16.1 (61) 50 552 (80) 3.0 X X
E19 16.1 (61) 50 345 ( 50) 3.0 X X
E20 16.1 (61) 50 345 ( 50) 3.0 X X
E21 16.1 (61) 50 483 ( 70) 3.0 X X
E22 16.1 (61) 50 552 ( 80) 3.0 X X
E23 24.4 (76) 65 621 ( 90) 3.0 x x
E24 24.4 (76) 65 655 ( 95) 3.0 X X
E25 24.4 (76) 65 676 ( 98) 3.0 X X Donor had a dent in

it from bouncing out
of tray

E26 24.4 (76) 65 689 (100) 3.0 X X
E27 24.4 (76) 65 689 (100) 2.0 X X
E28 24.4 (76) 65 689 (100) 2.0 X X
E29 24.4 (76) 65 689 (100) 2.0 X X
E30 24.4 (76) 65 689 (100) 2.0 X X
E31 22.2 (72) 65 689 (100) 2.0 X X
E32 22.2 (72) 65 689 (100) 2.0 X X
E33 22.2 (72) 65 689 (100) 2.0 X X
E34 22.2 (72) 65 689 (100) 2.0 X X
E35 22.2 (72) 65 689 (100) 2.0 X X
E36 22.2 (72) 65 689 (100) 2.0 X X
CI 26.7 (80) 40 689 (100) 2.0 X X
C2 26.7 (80) 40 689 (100) 2.0 K X
C3 26.7 (80) 40 689 (100) 2.0 x I
C4 26.7 (80) 40 689 (100) 2.0 x I xC5 26.7 (80', 40 689 _ IO0) 2-.0 x I x

C6 26.7 (80) 40 689 x)O0 2.0 X X
C7 26.7 (80) 40 689 (100) 2.0 x L
C8 26.7 (80) 40 689 (100) 2.0 K X
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Table 7. Shipping tray integrity test results (cont)

Transfer Metering Donor Detonator

Test Temperature Humidity pressure valve reaction ali ned
number OC (*F) % kPa (psi) setting Yes No Yes No Remarks

C9 26.7 (80) 40 689 (100) 2.0 X X

CIO 26.7 (80) 40 689 (100) 2.0 X x

Cll 26.7 (80) 40 689 (100) 2.0 X X

C12 26.7 (80) 40 689 (100) 2.0 X X

C13 26.7 (80) 40 689 (100) 2.0 X x
C14 26.7 (80) 40 689 7100) 2.0 - -

C15 26.7 (80) 40 689 (100) 2.0 X X

C16 26.7 (80) 40 689 (100) 2.0 X X

C17 26.7 (80) 40 689 (100) 2.0 X X
C18 26.7 (80) 40 689 (100) 2. - X x

C19 26.7 (80) 40 689 (100) 2.0 X x
C20 26.7 (80) 40 689 (100) 2.0 X X

C21 26.7 (80) 40 689 (100) 2.0 X X
C22 26.7 (80) 36 689 (100) 2.0 X X

C23 26.7 (80) 36 689 (100) 2.0 X __

C24 26.7 (80) 36 6 (*O0) 2.0 - X
C25 26.7 (80) 36 689 (100) 2.0 K X
C26 26.7 (80) 36 6891 (100) 2.0 X X
C27 26.7 (80) 36 6891 (100) 2.0 1 X X

C28 26.7 (80) 36 689 (100) 2.0 X X
C29 26.7 (80) 36 689 (100) 2.0 X x
C30 26.7 (80) 36 689 (100) 2.0 , x x
C32 26.7 (80) 36 689 (100) 2.0 X X
C33 27.8 (82) 35 689 (100) 2.0 X X
C34 27.8 (82) 35 689 (100) 2.0 X X

C35 27.8 (82) 35 689 (100) 2.0 x X
C36 27.8 (82) 35 689 (100) 2.0 X X
C37 27.8 (82) 35 689 (100) 2.0 X X

C38 27.8 (82) 35 689 (100) 2.0 X X

C39 18.3 (65) 68 689 (100) 2.0 X X
C40 18.3 (65) 68 689 (100) 2.0 X X
C40 18.3 (65) 68 689 (100) 2.0 X X
C42 18.3 (65) 68 689 (100) 2.0 X X
C43 18.3 (65) 68 689 (100) 2.0 X x
C44 18.3 (65) 68 689 (100) 2.0 X X

C45 18.3 (65) 68 689 (100) 2.0 x X
C46 18.3 (65) 68 689 (100) 2.0 X X

C48 18.3 (65) 68 689 (100) 2.0 X XC49 18.3 (65) 68 • 689 (100) 2.0 x__ K x _________

C49 18.3 (65) 68 689 (100) 2.0 K x
o 18.3 (- ) 68 -- (OO) 2.0 x x
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Initiatpd detonator must . (10 in Sbe within dotted line M

00
detonator tray,0 0

16d, 0 0 , 020

11.1125 mm 2101: 0 0 0. 025 111.125
o0.4375 in) 260 o 0 0 o 03,0 (

310, 00 0.035
1360'. 0 0 0; 04o0

Q 410100040! o I,,o,:~__o__ojo•

Shield0

height
supporcs

Aluminum
detonator Conveyor shield,
Stray Lexane 152.4 mm x 12.7 mm

(6 in by 0. 5 in)

6:.35 •Shield height varied from:'•mm.25 n) 19.05 to 50.8 m
--• •(0.75 to 2.00 in) !

Base support
304.8 mm (12 i7Q Fiving piv simlated
above table top assembly corveynr

"" supplied by 152.4 mm x 12.1 m

Firing MC '6 in x 0.5 in)
lanyard

Figure 2. Intra-tray propigation test setup (typical)
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Firing pinassembly Detonator

S(1.5 in) W47.625 mmn
C3(1.875 in)

1.5875 mm(0.0625 in) Airgap

~Acceptor
detonator Equivalent -Firing lanyard

89.78 mm r-Donor
(1.96 in) I detonator

I location

G T-

177.62 mm,

(0.6885in) (1.8705 In)

14RC #736 t2 Ž. t
fixture

101 .6 m
(4 in?

Figure 3, Indexing dial spacing test fixture
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431.8 a

SI 431.. In
• I"(17 in)"

DYNISCO Model PTI9G-50

0.3447 kPa (0-500 psig)
Chromel-alusel thermocouple MB Electronics Model 151-ISC-194

S0-1365°C g0-1724 kPa (0-250 psi)
(32-2490°F)

S,•'• • I 12.7 mmi •'
Rubber gasket (0.5 in)

1010 Cord rolled
carbon steel pipe

19.05 mm Wall thickness

Firing line -rn ca onect

MC Coa coax to nnector

SBNC Coax connector'o U *°' • ;5• /

Weld fillet

S355.6 •

(1 iM55 Stab Detonators
.200 to 500 each

Figure 4. Rejected detonator container
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-• To controlled
air pressure
supply and

metering valve

Detonator
insertion
block
supplied by M55 Detonargr
MRC

Poly-Flo #44P

trausfer tube
1.22 m (4 ft) length
1.02 mm (0.040 in) vall thickness
4.318 tm. (0.170 in) ID

Tube-to-dial
!nterface
adapter
supplied by
MRC Simulated indexing

dial nest
1 supplied

_J Figure 5. Indexing dial nest Integrity test setup
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Solenoid valve
•- Skinner M/odel EG7

•-Deltron fluid products Office 0.79 a•m
-'•"(0.031in- metering valve 0-23684 kPaSnodel EFC20odel p

eDetonator flui0 p tic

(30 0.2 irkModel EFvalv(

12 a 4 f)length
Tube-to-dial 1.02 sm (G.040 in) Accumulator
interface adapter wall thickness
supplied by NRC 4.318 = (0.170 in) ID

Standard cardboard
shipping container Wooden box

Floor

Fig-ire 6. Shipping tray integrity test setup
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7,171 -

M55 Stab Detonators
3 donors 3 acceptors

Hfolbe 6.35 mm Diameter•

(0.25 in)

Figure 8. Damage to Lexan® outer shield with 3 donor and 3 acceptor
detonators functioning - Input/output transfer test

M55 Stab Detonators
4 donors 4 acceptors

Hole 12.7 mm Diameter
. • •(0.5 in)

Figure 9. Damage to Lexan® outer shield with 4 donor and 4 acceptor

detonators functioning - Input/output transfer test

26



"", StaD DLtonz tors

5 .: ar, c5 tcr'

, 1 in)

12 3 4 567 89 11 12'

~,E,

Figure 10. Damage to LexanS outer shield with 5 donor and 5 acceptor
detonators simultaneously initiated - Input/output trans-
fer test

I ,

Figure 11. Damage to test area when 50 stab detonators simultaneously
initiated during intra-rray propagation tests
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Figure 12. Shattered Lexans shield when 50 stab detonators simultaneously

initiated during the intra-tray propagation tests

Figure 13. Damage to alumiurum pallet when 50 stab detonators
simultaneously initiated during the intra-tray
Propagat ion tests
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Holston Army Ammunition Plant
ATTN: SARHO-E
Kingsport, TN 37662

Commander
Indiana Army Ammnition Plant
ATTN: SARIN-OR (2)

SARIN-SF
* Charlestown, IN 47111

Commander
Iowa Army Ammnition Plant

ATTN: SARIO-S
Niddletown, 10 52638

Comander
Kansas Army A,,unitionn Plant
ATIN: SARKA--CE
Parsons, KS 67537
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Comander
Lone Star Army Ammunition Plant
ATTN: SARLS-IE
Texarkana, TX 57701

• CommanderLonghorn Army Ammunition Plant

ATTN: SARLO-S
Marshall, TX 75607

Commander
McAlester Army Amunition Plant
ATTN: SARIC-SF

*" McAlester, OK 74501

Commander
Milan Army Ammunition Plant
ATTN: SARMI-S
Milan, TN 38358

Commander
Radford Army Ammnition Plant
ATTN: SARRA-IE
Radford, VA 24141

Commander

Sunflower Army munition Plant
ATTN: SARSU-S
Lawrence, KS 66044

Commander
Volunteer Army Amnition Plant
ATTN: SARVO-S
Chattanooga, TN 37401

Comander
Pine Bluff Arsenal

SATTN: SARPB-SA
Pine Bluff, AR 71601

Commander
Rocky Mountain Arsenal
ATTN: SARRM-SAF
Denver, 00 80240
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